Multicellular organisms are composed of an interactive network of various tissues that are functionally organized as discrete organs. If aging were slowed in a specific tissue or organ how would that impact longevity at the organismal level? In recent years, molecular genetic approaches in invertebrate model systems have dramatically improved our understanding of the aging process and have provided insight into the preceding question. In this review, we discuss tissue and organ-specific interventions that prolong lifespan in the nematode Caenorhabditis elegans and the fruit fly Drosophila melanogaster. These interventions include reduced Insulin/IGF-1 signaling, knockdown of genes important for mitochondrial electron transport chain function and, finally, up-regulation of the Drosophila PGC-1 homolog. An emerging theme from these studies is that the intestine is an important target organ in mediating lifespan extension at the organismal level.
Introduction
The identification and characterization of genetic mutants that display extended longevity has revolutionized the way we think about and study the aging process (Kenyon, 2005 (Kenyon, , 2010 . Studies in invertebrate model systems, such as the nematode Caenorhabditis elegans and the fruit fly Drosophila melanogaster, have been at the forefront of these discoveries. While employment of these two invertebrate model systems has mostly focused on producing insights into the aging process at the molecular level, these systems have also allowed for an improved understanding about the relationship between aging at the level of specific tissues or organs and organismal lifespan. Many long-lived mutants display a delay in the onset of age-related changes at the level of individual tissues or organs (Biteau et al., 2010; Garigan et al., 2002; Herndon et al., 2002; McGee et al., 2011; Wessells et al., 2004) . In addition, the vast array of genetic and molecular tools available in both C. elegans and Drosophila have allowed investigators to address questions centered on the tissue or organ-specific requirements underlying extended lifespan. In other words, genetic studies can be designed to investigate the impact of exclusive manipulation of the aging rate in one tissue or organ on organismal lifespan. In this review, we discuss the large number of studies demonstrating that manipulation of aging-related genes exclusively within one organ-the intestine-results in an increased lifespan. We discuss these findings in terms of: (1) the importance of the intestine to the health and viability of the aging animal and (2) the role of the intestine as a signaling center influencing the rate of aging in responding cells.
Insulin/IGF-1 signaling pathway
The first pathway shown to modulate lifespan in animals was the insulin/IGF-1 signaling (IIS) pathway (Kenyon, 2011) . Pioneering studies from a number of C. elegans researchers showed that mutations in daf-2, which encodes a hormone receptor similar to the insulin and IGF-1 receptors, dramatically improve the lifespan of the animal (Kenyon et al., 1993; Kimura et al., 1997) . Other mutations affecting downstream IIS components extend lifespan as well (Johnson, 1990; Morris et al., 1996) . Lifespan extensions induced by decreasing the activity of DAF-2, or downstream components of the IIS pathway are dependent upon the activity of the worm FOXO transcription factor DAF-16 (Dorman et al., 1995; Larsen et al., 1995; Lin et al., 1997; Ogg et al., 1997) , the heat-shock transcription factor HSF-1 (Hsu et al., 2003); and SKN-1 (Tullet et al., 2008) , a Nrf-like xenobiotic-response factor. These transcription factors, in turn, regulate the expression of a large number of downstream genes, many of which are important in mediating long life (Hsu et al., 2003; Murphy et al., 2003) .
Studies in the fruit fly Drosophila provided the first evidence that reduced IIS is a 'public' or evolutionarily conserved mode of life extension (Partridge and Gems, 2002; Russell and Kahn, 2007) .
